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1. Introduction 


A great number of studies have revealed significant accumulation of lead in soils adja- 
cent to major roads. Uptake of lead appears to have variable effects in different species 
(viz. Ernst & Joosse 1983). Although human adults and mainly children are particularly 
susceptible to lead poisoning (LORENZO etal. 1978; LANDRIGAN & Baker 1981), with be- 
havioural and intellectual disturbances (BUDIANSKY 1981), only little effects of high lead 
levels in roadside soil have been found on the distribution and abundance of ground living 
fauna (JEFFERIES & Frencn 1972: Winniamson & Evans 1973; Mavrer 1974; Rorre 
& Jennerr 1975; Gerz et al. 1977; Wape et al. 1980). Even abnormally high doses of lead 
experimentally administered to Collembola did not result in death (Joosse & BrKER 1979) 
and toxic effects in other evertebrate species have also still to be indicated (WILLIAMSON 
1980). 

In some organisms detoxification systems have been described. Worms have been shown 
to concentrate heavy metals in association with chloragocytes in the posterior alimentary 
tract (renann & Ricnarps 1977). These cells have heavy metal binding properties (IRE- 
LAXD 1978), but the lead sequestration coincides with a decrease in glycogen reserves. Thus 
it could be hypothesised that the detoxification is an energy demanding process (RICHARDS 
& IRELAND 1978). A similar system is described for snails, that accumulate lead in the mid- 
gut gland (CouGcnrrRey & Marvin 1977). In Collembola a lead store is deseribed in intestinal 
cells (spherites) (HUMBERT 1974, 1977). which are regularly removed during the frequently 
occurring moultings (Joosse & BuKER 1979), 

Although these structures function as safeguards against toxic actions of the metals, the 
detoxification mechanism might cost energy, with possible harmful consequences for growth 
and reproduction. In the present study the sublethal effects of lead-contaminated food on 
growth and reproduction of Orchesella cincta (1..) (Collembola) are described. To get more 
evidence about a possible disturbance of energy releasing processes the metabolic rate was 
determined by measuring the oxygen consumption. 

An important food component of Orchesella cincta consists of Pleurococcus spec, (green- 
algae) (Joosse & TESTERINK 1979). Algae and lichens concentrate lead in natural conditions 
(LAAKSOVIRTA et al, 1976; Sanne et al. 1977), but also in the laboratory. When algae are 
soaked in lead nitrate solution impressive concentrations can be reached within a few mi- 
nutes (Joosse & Buker 1979). It can be assumed however, that the animals, like Isopods 
(Joosse et al. 1981), have evolved metal tolerance by avoiding contaminated food or re- 
ducing its uptake. Since it is virtually unknown to what concentrations the animals are 
exposed in natural conditions and whether an avoidance mechanism the lead uptake re- 
duces, both the sublethal effects of continuous administration and of a single dose of lead 
have been studied, and the behavioural response of the springtails to different lead concen- 
trations was analysed. 


1) Contribution to the Vth International Colloquium on Apterygota, Louvain-La-Neuve, Bel- 
gium (23—26 August 1982), organized by C. GREGOIRE- WiBo and Pu. LEBRUN. 
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2. Materials and methods 
2.1. General 


A total of about 5,000 individuals of Orchesella cincta (L.) were collected in the Spanderswoud 
near Hilversum, the Netherlands, during different occasions. The animals were stored at 5 °C and, 
prior to the experiments, acclimated during t4 d to the experimental conditions of 20°C or 15°C 
(in exp. I) and 12L/12D. Four experiments were performed: 


2.2. Uptake and excretion of lead 


The animals were collected in August 1976. Four groups of about 950 individuals each, were 
treated in a different way: A was immediately killed, B, C and D ware fed for 2 d on lead contami- 
nated food, B was subsequently killed, C was provided with clean food for another 2 d and C for 
another 4d. Lead was extracted from the bodies and dissolved in seven parts nitric acid and one 
part perchloric acid and estimated with an AAS (Unicam SP 1900). A calibration curve was made 
using standard lead nitrate solutions. All concentrations are expressed in percentages of dry weight. 

The food consisted of Pleurococcus spec. (green algae), which were soaked during 5 min in a lead 
nitrate solution of 1,000 ppm. 


2.3. Effects of continuous lead administration on growth and respiration 


The animals were collected in December 1979. Two groups of 100 individuals were kept with 
ten together in PVC jars (Ø 5 em) with a layer (2 cm) of moistened plaster of Paris. The groups were 
given clean and lead contaminated food respectively. The algae were soaked in 25 ppm lead nitrate. 
Growth was determined by weighing 10 animals together on a Mettler M E-30 mic robalance (sensitivity 
lug). The measurements of oxygen consumption (standard metabolism) were made on 2x5 in- 
dividuals, which were kept separately, on clean and lead containing food, respectively. A Cartesian 
Diver micro-respirometer (LINDESTROM-LANG 1943; HoLtrer 1943) was used in a climate room at 
15°C. The instrument had 10 diver chambers. Stopped divers (Zeuriien 1964) were used with gas 
volumes in the range 80-94 1. Readings were made on each individual at intervals of 20 —30 min 
and continued for about 4h, twice a week, during 28 d. Weight-specific oxygen consumption rates 
were calculated by weighing the individuals on a Mettler ME-30 microbalance. 


2.4. Effects of a single dose of lead 
The animals were collected in November 1978. The food (algae) was soaked in 25 ppm lead 
nitrate. Two subgroups were distinguished, one on clean algae, the other on lead containing algae 
each containing 100 individuals. Growth was measured as in experiment JI. Reproduction was mea- 
ical twice a week, during 4 weeks, by counting the number of eggs produced, 


2.5. Behavioural responses to lead contaminated food 


The animals were collected in October 1976. Preference experiments were performed with 4x 20 
individuals, which were offered a choice between portions of algae treated with 4 concentrations 
of lead, the algae being soaked in 25, 100, 250 and 1,000 ppm lead nitrate, respectively, and one 
control (clean algae). Two groups were starved prior to the experiment. The number of springtails 
present in the different food portions were counted every 5 min during 3h. 

For consumption experiments 2 x 50 individuals were used, one group of 50 being starved during 
7d. The animals were kept with ten together in PVC jars (Ø 5em) and their faecal production of 
24h was taken as a measure of consumption activity. 


3. Results 
3.1. Lead uptake and excretion 


A diet, consisting of fresh Pleurococcus spec. (greenalgae) was supplemented with 
1.000 ppm tead. Four groups of about 950 individuals received a different treatment (Table 1). 


Table 1. Experiment design and body lead concentration of Orchesella cineta after different treat- 
ments with lead containing algae 


Group nr of ind. treatment ° moulted body burden 
(ppm) 
A + 950 control 0 41.5 
B + 950 2d. Ph 0 1,247.6 
C + 950 2d. Pb 12 247.5 
2d. clean 
D + 950 2d. Pb 100 90.2 
4d. clean 


The individuals of group A were killed immediately after sampling and served as a con- 
trol group. Groups B, C and D received 2 d lead contaminated algae; group B was killed 
without expelling the gut contents, whereas group C was fed for another 2 d on clean food. 
During the 4d 12°, of the animals of group C moulted. Group D got after 2 d another 4d 
clean food. At that moment 100°, of the animals had produced an exuvium. 

Comparing the groups B and C, the data show that most of the ingested lead is lost by 
the faeces. But also during the moult a considerable portion is lost (D compared with C). 
Nevertheless, some of the lead turns up in the body (D compared with A). 
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Fig. 1. Growth and weight specific oxygen consumption in Orchesella cincta on clean food and on 
food contaminated with 25 ppm lead nitrate. 
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3.2. Sublethal effects of continuous lead administration on growth 
and reproduction 


In an experiment lasting four weeks the effect of lead contaminated food on growth and 
respiration was studied. The algae, soaked in a 25 ppm solution of lead nitrate concentrated 
the lead up to 8,400 ppm. Mortality in both groups was only slightly more than 1%. Re- 
sults on growth and metabolic rate are presented in Fig. t. Growth appeared to be signifi- 
cantly slower in the animals fed with lead containing food (P < 0.001) and the duration 
of the moulting interval, calculated on the basis of the number of exuviae produced, was 
found to be shorter. The oxygen consumption, observed on 5 separate individuals with the 
same treatment, also lowered as a result of lead exposure. Already after 2 d the metabolic 
rate (weight specific oxygen consumption) was less in the lead containing group, and sub- 
sequently decreased strongly during the experiment. The data show high variation, which 
is related to the physiology of moulting. Each individual measured, was in a different phase 
of the moulting interval and the oxygen consumption strongly fluctuates during the moult- 
ing interval (TesTERINK 1982a). 


3.3. Sublethal effects of a single lead exposure on growth and reproduction 


An experiment lasting four weeks was performed with animals fed for 4d on algae. soaked 

in 25 ppm lead nitrate, which appeared to concentrate the lead up to 3,709 ppm. After- 

yards the animals were fed with clean Pleurococcus spec. At the end of the experiment the 

body burden in both groups was 32 ppm (n = 2). Apparently after four weeks the lead was 

totally removed from the body. The effects of the temporary lead administration on growth 
and reproduction are summarized in Table 2. 


Table 2. Effects of lead contaminated food on growth and reproduction in Orchesella cineta 


Food Increase in body weight duration moulting number of eggs/ 
ind./4 weeks (+ s.e.) interval (days) 100 ind. 
Pb 4.37 + 0.57 (n 10) 5.0 3,099 
Pb 4.57 + O14 (n 10) 4.9 2,266 


Growth seems to be somewhat lower in the lead group. but the difference with the con- 
trol group is not significant (Fy...) = 0.06). The difference between the duration of the moult- 
ing intervals is also insignificant. The reproduction seems to be negatively influenced by 
lead. although again the difference between both groups is not significant (Mann Whitney 
U-test). 


3.4. Behavioural responses to lead contaminated food 
3.4.1. Preference experiments 


Twenty individuals of O. emneta were offered a choice between clean algae and algae soaked 
in 25, 100, 250 and 1,000 ppm lead nitrate, respectively. A comparison was made between 
the choices of normally fed animals and animals which had been starving for 7d. Star- 
vation is a normal and regular occurring phenomenon in natural populations of some spe- 
cies of Collembola, both related to the frequent moultings and as an adaptation to dry 
circumstances (Joosse & TESTERINK 1979; TESTERINK 1981). The results. presented in Fig, 2. 
show a capacity to discriminate between clean and lead containing food. A difference he- 
tween the various concentrations is not clear. This can be explained by the property of 
algae to concentrate the lead to very high values, even when soaked in low concentrations 
of lead nitrate: apparently all contaminated food portions were equally unattractive. The 
difference between the fed and starved groups indicates that starved animals make a less 
dainty choice (P < 0.005, x°). 
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Fig. 2. Preference and consumption of Orchesella cincta on food, treated with different concentra- 
tions of lead nitrate. Open columms normally fed animals; dashed columns starved animals, 


3.4.2. Consumption 


Since a quantitative separation of food and faeces is virtually impossible, food uptake 
cannot be measured directly. The number of faecal pellets was taken as an indirect indi- 
cation of the consumption activity. Fifty fed and 50 starved animals, kept individually, 
were fed during one day on the five concentrations mentioned above, 10 per concentration. 
Some of the individuals preparing a moult, did not produce faecal pellets (De WiTH & 
Joosse 1971). These data were omitted. The results are given in Fig. 2. The consumption 
of starved individuals appears to be significantly higher in all concentrations, but in both 
groups the consumption decreases with inereasing lead concentration. 
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4. Discussion 


A great number of studies suggest that ground living fauna along roads exhibit a 
high resistance to lead. Very little is known about the quantities of lead and the form in 
which it enters the bodies of saprophagous and herbivorous animals. In Collembola col- 
lected along a road where the lead content of the vegetation (grass) was 1,250 ppm, the 
body content was found to be 86 ppm (Joosse & Bexer 1979). For several other everte- 
brate species along roads values of a lower order are given (viz. ExNst & Joosse 1983). Some 
groups, and especially those with a high calcium need, like Isopods (MARTIN ef al. 1976) 
and snails (MEINCKE & SCHALLER [974; CouGurRey & Martin 1976) seem to accumulate 
the lead up to higher values, indicating an interaction between calcium and lead. In worms 
it was shown that organelles, called chloragosomes, present in chloragogenous tissue around 
the intestine are capable of taking up and retaining lead and other heavy metals by a ca- 
tion exchange system (IRELAND 1978). Afterwards the chloragocytes are broken down and 
excreted. A similar function may be found in particular intestinal cells in Collembola, where 
numerous intracellular mineral concretions can be found, which with the total renewal of 
the intestine during the moult, periodically are extruded (HlumBerRt 1974; Joossk & BUKER 
1979). 

In the present study a value of 96 ppm comparable to that found in nature, was found 
in animals experimentally exposed to high levels of lead in their food. The data revealed 
that most of the lead was immediately removed with the faeces. This happens also in worms 
(IRELAND 1976) and woodlice (BEEBY 1978). Part of the lead however, turns up in the body. 
Humpert (1977) described that if the concentration of a toxie element is very high in the 
food of Collembola, it cannot be completely captured by the midgut concretions and en- 
ters the haemolymph, with possible harmful consequences. In the present experiments only 
a somewhat reduced reproduction was found after a single high dose of lead, of which a 
part must have passed the midgut barrier. 

In worms excretions of heavy metals has been described as an energy demanding pro- 
cess (Rienarps & IRELAND 1978). When the Collembola in this study were continuously 
exposed to high levels of lead in their food, growth was found to be reduced and a lowered 
metabolic rate indicated a disturbance of the energy releasing process. It is not known as 
yet, whether the lowered metabolic rate is caused by a direct inhibition of the activity of 
respiration enzymes. Since the food intake was also lowered with lead contaminated algae, 
it could also be related to the lower consumption (TEsTERINK 1982b). These data do not 
allow a decisive answer about the energy costs of the tolerance mechanisms. 

As one of the most numerous soil fauna groups of roadside verges, Collembola are most 
exposed to lead poisoning. Apparently these species have two forms of resistance mecha- 
nisms to lead, an avoidance and a tolerance mechanism (viz. Levirr 1958; Ernst 1974). 
The avoidance mechanism implies the capability to discriminate between clean and con- 
taminated food, and the regulation of the consumption, to avoid uptake of high quantities 
of lead. A toierance mechanism is present in the intestinal cells, where lead is temporary 
bound and subsequently removed from the body. 
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6. Zusammenfassung 


Bleivertriglichkeit bei Collembolen 


Zwei Arten von Resistenz-Mechanismen gegenüber Bleivergiftungen von Collembolen werden 
beschrieben. Erstens: Eine Fähigkeit zwischen reiner und kontaminierter Nahrung zu unter- 
scheiden und eine Regulierung der Nahrungsaufnahme, die eine Aufnahme von hohen Bleidoesen 
vermeidet. Zweitens: Es existiert ein Resistenz-Mechanismus in den Darmzellen, in denen Blei 
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vorübergehend gebunden und nach und nach aus dem Körper ausgeschieden wird. Zu hohe Blei- 
dosen werden jedoch nicht vollständig gebunden und gelangen in die Hamolymphe. Eine an- 
dauernde Exposition gegenüber Blei beeinflußt das Wachstum und die Respiration der Collembolen 
negativ. 
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Synopsis: Original scientific paper 
Joosse, E. N. G., & 8. C. Vernorr, 1983. Lead tolerance in Collembola. Pedobiologia 26, 11—18. 
Two forms of resistance mechanisms to lead poisoning in Collembola are described. First, a ca- 
pability to discriminate between clean and contaminated food and a regulation of the consumption, 
avoids uptake of high doses of lead. Second, a tolerance mechanism exists in the intestinal cells, 
where lead is temporary bound and subsequently removed from the body. Too high doses of lead 
are not completely bound and enter the haemolymph. A continuous exposure to lead affects growth 
and respiration negatively. 
Key words: Collembola, Insecta, Apterygota, lead, resistance, tolerance, poisoning, contamination, 
food. 
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